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Background: The arcuate foramen is an important osseous anomaly of the first cervical vertebra (the atlas) that must be taken into consideration during placement of lateral mass screws into the atlas.
Methods:
The prevalence of this anomaly in our patient population was determined through a retrospective review of 464 lateral radiographs of the neck. The anatomy of the arcuate foramen was identified in a study of cadavers.
Results: Seventy-two arcuate foramina, complete or incomplete, were identified on the 464 lateral radiographs of the neck; thus, the prevalence was 15.5% in our patient population.
Conclusions:
Although the arcuate foramen is a common anomaly, it is often not recognized. Proper identification of this anomaly on preoperative lateral radiographs should alert the surgeon to avoid using the ponticulus posticus as a starting point for a lateral mass screw in order to not injure the vertebral artery.
Level of Evidence: Diagnostic Level IV. See Instructions to Authors for a complete description of levels of evidence. lacement of lateral mass screws into the atlas (the first cervical vertebra) has become a popular means of treating atlantoaxial instability 1 . However, it can sometimes be a difficult procedure, as the region contains venous plexuses as well as the greater occipital nerve. To avoid these difficulties, some surgeons have recommended that, in the presence of a broad posterior arch of the atlas, the insertion of the screw be started in the dorsal aspect of the posterior arch instead of at the base of the lateral mass. We recently encountered an anatomical specimen containing an anomaly of the posterior arch of the atlas containing the vertebral artery. In this specimen, the sulcus or groove for the vertebral artery on the dorsal aspect of the atlas was completely covered by an anomalous ossification, termed the ponticulus posticus (Latin for little posterior bridge) 2 . The resulting foramen contains the vertebral artery and is referred to as the arcuate foramen 2 
.
Many terms have been used in the literature to describe this anomaly, including Kimmerle anomaly 3 , foramen sagittale, and a retrocondylar vertebral artery. The purpose of this study was to determine the frequency of the anomaly and to identify its anatomical features in relation to surgical approaches to the posterior aspect of the atlas.
Materials and Methods

Radiographic Analysis
e examined 464 lateral radiographs of the cervical spine: 336 were a consecutive series of digital images of the cervical spine obtained from the radiology department of a large metropolitan teaching hospital, and 128 were a consecutive series of radiographs of the cervical spine obtained from the office of one of the authors (P.H.Y.). Each radiograph was carefully inspected to look for the presence of a ponticulus posticus and arcuate foramen. Because we inspected only a neutral lateral radiograph, we were not able to determine if the anomaly was unilateral or bilateral. The protocol was approved by the institutional review board of our institution.
Anatomical Dissection
A cadaver specimen identified as having a ponticulus posticus during a hands-on cervical spine course was fully dissected. In P W addition, twenty other preserved cadavers, selected at random, were dissected. A separate group of six cervical spine osseous specimens that had previously been dissected out were also examined. The anatomical characteristics of the specimens were studied, and the specimens were photographed.
Results
Radiographic Analysis
nalysis of the 464 lateral radiographs of the neck revealed seventy-two complete or incomplete arcuate foramina (Fig. 1) . Thus, the prevalence of an arcuate foramen in this patient population was 15.5%.
Anatomical Dissection
The anatomical dissections revealed an arcuate foramen in three of the twenty specimens. One of them had a unilateral partial foramen, and the other two had a unilateral complete foramen. Of the six cervical spine osseous specimens, three demonstrated an arcuate foramen: one was bilateral and complete, one was unilateral and partial, and one was unilateral and complete.
When examining a specimen with an arcuate foramen through a standard dorsal approach, we found that it was easy to mistake the broad ponticulus posticus for a widened posterolateral aspect of the posterior arch of the atlas, when in reality it is a foramen containing the vertebral artery (Figs. 2 and  3) . The placement of a lateral mass screw into the atlas in this situation can predispose the vertebral artery to injury. We found that one way of identifying this anomaly was to dissect laterally until the lateral margin of the foramen was identified. Whereas the normal posterior arch of the atlas thins out laterally and does not curve up cranially, a ponticulus posticus broadens laterally to cover the underlying artery, which can be found on the lateral border of the ponticulus. Dissecting the artery at the first cervical arterial groove and following its course medially and cranially can also help to identify a ponticulus posticus.
Discussion
n important common anomaly of the posterolateral aspect of the posterior arch of the atlas is the arcuate foramen, which contains the vertebral artery. Reports have described this anomaly in relation to posterior cranial fossa strokes and as a possible cause of cervicogenic headache 4, 5 . Despite the relatively high prevalence of this anomaly, we found only one case report demonstrating the clinical importance of the arcuate foramen in relation to the placement of screws into the first cervical lateral mass. Harms and Melcher described placement of such screws for the treatment of atlantoaxial instability 1 . Because placement of lateral mass screws at the first cervical level can be difficult, some surgeons have recommended starting the insertion of the screw in the superior aspect of the posterior arch of the atlas, when anatomically A A Fig. 1 Lateral radiograph of the cervical spine, demonstrating an arcuate foramen of the first cervical vertebra and a ponticulus posticus. 6 . While this may be reasonable for most patients, in individuals with an arcuate foramen, the anomaly has the potential for being misidentified as a broad dorsal arch. A screw placed into a ponticulus posticus can potentially injure the vertebral artery, leading to stroke and death. We undertook this radiographic and anatomical dissection study to better characterize this common anomaly and to alert surgeons of the potential dangers of misidentifying it.
We found that an arcuate foramen is quite common; it was present in 15.5% (seventy-two) of the 464 patients in our study population. From the dorsal view, it is possible to misidentify a ponticulus posticus as a broad dorsal arch of the atlas. Our dissections revealed that, whereas the normal posterior arch of the atlas thins out laterally and does not curve up cranially, a ponticulus posticus broadens laterally and extends cranially. The artery can be found on the lateral border of the ponticulus, entering the arcuate foramen. By dissecting the artery at the first cervical arterial groove and following its course medially and cranially, one can readily identify a ponticulus posticus. More importantly, however, a preoperative lateral radiograph demonstrates this anomaly. If the radiograph is inconclusive and there appears to be a broad posterior arch intraoperatively, it may be best to dissect out the cranial aspect of the posterior arch to identify and protect the vertebral artery.
There are few reports on the clinical relevance of this anomaly. Huang and Glaser reported an arcuate foramen in a sixty-seven-year-old woman with rheumatoid arthritis who presented with radicular symptoms of both extremities 7 . The planned procedure included posterior fixation with polyaxial screws from the first to the fourth cervical vertebrae. As the surgeons approached the atlas, they dissected the lateral mass only to discover the anomalous course of the vertebral artery. They then chose not to place the screws and instead used sublaminar wiring at the first and second cervical vertebrae, as described by Brooks and Jenkins 8 . Huang and Glaser noted, in retrospect, that the preoperative lateral radiographs of the neck had revealed the anomaly.
The anatomical importance of this anomaly is unknown. It has been suggested that the arcuate foramen is commonly present in quadrupeds (early primates) and acts as an additional lateral extension for the attachment of the posterior atlantooccipital membrane 2 . In humans, however, the vertical loading of the superior articular process of the atlas supports the weight of the head; thus, the roof of the tunnel has disappeared 2 . It is unknown if its occurrence in humans is due to an acquired ossification of the atlantooccipital membrane resulting from the pulsatile vertebral artery, or whether it is a variant of osseous architecture in the region of the craniovertebral junction, as might be suggested by the observation, by Lamberty and Zivanovic, of a cartilaginous ponticulus posticus in fetuses and children 9 . The prevalence, however, does not appear to vary with age. Thus, it seems to be a congenital osseous anomaly of the atlas with varying degrees of ossification.
In conclusion, our study suggests that the ponticulus posticus is a common anomaly that can easily be mistaken for a broad posterior arch of the atlas. We recommend that, before placing a screw into what appears to be a widened posterior arch of the atlas, the surgeon review the lateral radiograph of the neck to check for the presence of an arcuate foramen.
